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of cap 52, tha four beans In the Illustrative enbodiitent are 
•till separate. At plane IIB, the diverging beass have 
spread further and have begun to overlap. At the plane 
indicated as IIC, the beams have overlapped and define an 
envelop 73 having an outer diameter which is, slightly greater 
than the outer diameter of the catheter body 104. 
Preferably, at plane IIC, beams 70 will have overlapped to 
merge and cover a continuous pattern. Illustratively, such a' 
merger w^ll have occurred within a distance fro« the distal 
face 74 lof tip 52 which is approximately equal to the outer 
diameter of catheter 104 (a typical diameter is 1.5 
millimeters). 

tghat is Claimed is; 




A system f\r the surgical removal of biological material 
comprising, 

a laser^nergy source operating with an output 
wavelength inVhe range of 1.4-2.2 micrometers, 
an optical fiber, ^ 

means for directing Juje output of said laser source 
to the proxinal 4nd of Isa^r optical fiber, and 

means attach<»d to^(he distal end of the optical 
fiber for directing laser energy propagating down said 
fiber to a surgicalXsite. 
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2. A system fori the removal of biological tissue in 
accordance with Claia 1 wherein said optical fiber 
conprises a s^ica fiber ^ified to reduce the hydroxyl 
ion content asVLow as possible. 

3. A system for thei removal of biological tissue in 
accordance with Claim l^vjierein said laser source 
conprises a Bolnium-doped Yttrium-Aluminun-Garnet laser. 

4. A system for the removal of biological tissue in 
accordance vith Claulm 1/^rein said laser source 
comprises an ErbiumAdop^a^ttrium-Alumlnum-Garnet laser. 

5. A system for the removal of biological tissue in 
accordance with ClalmU j#^eln said laser source 
comprises a Bolmlum-doped Yttrium-Li thium-Pluorlde laser. 

€• A system for the removal of biological tissue in 
accordance vith Claim 1 wh^ein said laser source 
comprises an Erblum-dopea Yttrlum-Llthlum-Pluoride laser. 



7. A system for the removal ^f biological tissue in 
accordance with Claim 1 Vhlerein said laser source 
comprises a Thulium-doped ittrium- Aluminum-Gar net laser. 
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8. A systen for the removal of biological tissue in 
^ accordance V^^^ Clain 1 wherein said laser source is 
operated in\a pulsed-node^ 



9. A systen for %he removal of^^iptlogical tissue in 

accordance vith Claim 8 wherein said laser source is 
operated in a pulsed-mode with a pulse width 
substantially e^qual to 1 millisecond. 



10. A system for the\ removal of biological tissue in 
accordance with <(la//m)l fuf^her comprising an aiming 
laser source geneka^ting visible light output and means 
for directing saidM^isible light output through said 
laser source and si^id optical fiber to align said laser 
and said fiber and Wo visually illuminate said surgical 
site. 

11. A system for the surgical repair of biological material 
comprising* 

a laser energy source operating in a continuous wave 
mode with an output wayelength In the range of 1.4-2.2 
micrometers* 

an optical fiber, 

means for directing the output of said laser source 
to the proximal end of siald optical fiber, and 
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aeanis attached to th« distal end of the optical 
fiber for \directin9 laser energy propagating down said 
fiber to a\ surgical site. 

12. A systea for the repair of biological tissue in 
accordance Jiith Clain 11 wherein said optical fiber 
comprises a silica fiber ^rified to reduce the hydroxyl 
ion content as low as possible. 

13. A systen for t\e repair of biological tissue in 
accordance witl^ Claim 11 wjyerein said laser source 
comprises a BolbiiuB(^doped Yttriun-Aluninun-Garnet laser. 

14. A system for the\r<epair of biological tissue in 
accordance with Oi^ain ll^erein said laser source 
comprises an Brbifam-doped Yttriun-AluminuB-Garnet laser. 

15. A system for the repair of biological tissue in 
accordance with ClaVm ll^^erein said laser source 
comprises a Bolmium4doped Yttrium-Lithiun-Fluoride laser. 

16. A system for the repair of biological tissue in 
accordance with Claim\ 11 wherein said laser source 
comprises an Erbium-d^ped Yttrium- Li thiun-Fluoride laser. 
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17« A systen ijoi the repair of biological tissue in 
accordanceWith Clain 11 wherein said laser source 
comprises a\Thuliun-dope^/^lfttrium**AluiDinusH;arnet laser* 

18. A system fori per forming surgical operations onbiological 
material comprising, 

a laser energy source operating with an output 
wavelength inUhe range of l«4-2.2 micrometers, 

a cathetef having at least one lumen passing 
therethrough, 

at least ohe optical fiber comprised of silica 
passing through \said catheter lumen, 

a focussing\ lei)a^ for directing the output of said 
laser source ont<!^ t^^HE^^oximal end of said optical fiber, 
and 

a lens attachedYto the distal end of the optical 
fiber for directing laser energy propagating down said 
fiber to a surgical site. 

19. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 fu^her comprising a 
fiber optic connectox affixed to the proximal end of said 
fiber for holding said fiber • 

20. A system for performing surgical operations on biological 
tissue in accordance %\ith Claim 18 wherein said catheter 
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has an additional lunen passing thecethroughi said 
additional lunen having an opening at the proximal and 
distal ends lor communicating with said surgical site* 

21. A system £or performing surgical operations on biological 
tissue in accordance vith Claim 18 wb^ein said optical 
fiber comprises a silica fiber purified to reduce the 
hydroxyl ion content as low as possible. 



22. A system for performing surgical operations on biological 
tissue in accordance with Claim 18^herein said laser 
source comprise^ a ^lmium>doped Yttrium* Aluminum-Garnet 
laser. 




23. A system for performing surgical operations on biological 
tissue in accordance with Claim 18 -wfierein said laser 
source comprises an Erbium-doped Yttrium-Aluminum-Garnet 
laser. 

24. A system for performing surgical operations on biological 
tissue in accordancA with Claim 18 ^herein said laser 
source comprises a Hblmium-doped Yttrium-Lithium-Pluoride 

laser. 



25. A system for performing surgical 
tissue in accordance with Claim 18 



oj^erations on biological 
wherein said laser 
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source comprljises an Erbium-doped Yttriun-LlthiuB-Pluoride 
laser* 

26. A system for iierformlng surgical operations on biological 
tissue in accdrdance with Claim 18 wherein said laser 
source compriJles a Thulium-doped Yt^r^um-Aluminum-Carnet 
laser. 

27. A system for perfpr/Iing surgical operations on biological 
tissue in accordance with Claim 18 wherein said laser 

^ source is operated in a pulsed-mode^ 



28. A system for perfiorming surgical operations on biological 
tissue in accordance with Claim 27 wherein said laser 
source is operated in a pulsed-mode^^firCh a pulse width 
substantially eguail to 1 millisecond. 

29. A system for perforating surgical operations on biological 
tissue in accordance with Claim 18 further comprising an 
aiming laser source generating visible light output and 
means for directing Waid visible light output through 
said laser source and said optical fiber to align said 
laser and said fiber \and to visually illuminate said 
surgical site. 
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30. A syaten for the surgical repair of biological material 
comprising f 

a laser energy source operating in a continuous wave 
mode and generating an output beaa with a wavelength in 
the range of 1.4-2.2 micrometers^ 

a pluralitJ of optical fibers, 

a plurality! of partially reflective mirrors arranged 
in series along nhe axis of said output bean for 
directing a portion of the output of said laser source to 
the proximal ends! of said optical fibers, and 

a plurality of focussing lenses positioned between 
said mirrors and «he proximal ends of said fibers for 
focussing portionJ of a^d laser output to the proximal 
ends of said fibers, 

means attached to"tl/e distal end of the optical 
fiber for directing laser energy propagating do%ra said 
fibers to a surgical site, said directing means holding 
said fibers in a fihced position relative to one another 
so that optical beams emanating from the distal ends of 
said fibers overlaplto cover an area at least equal to 
the diameter of said catheter. 



31. A system for the repkir of biological tissue in 

accordance with Claita 30 >«^erein at least some of said 
optical fibers compr se silica fibers purified to reduce 
the bydroxyl ion con sent as low as possible. 
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32. A systea t6t th« repair of biological tissue In 
accordance with Claln 30^w>^reln said laser source 
comprises a kolniun-doped Yttrium-AluininuB-Garnet laser. 



33. A systea for Whe repair of biological tissue In 
accordance wl^h Claim 30 ^Kerein said laser source 
comprises an Evbium-doped Yttrium- Aluminum-Garnet laser. 

34. A system for tile repair of biological tissue in 
accordance with! Claim 3Qxvherein said laser source 
comprises a Holmiumydoped Yttrium- Li thiua-Fluoride laser. 

35. A systea for the\ re^^air^ of biological tissue in 
accordance with Qlaim 30 wherein said laser source 
comprises an Erbium-doped Yttrium-Li thium-Pluoride laser. 



36. A system for the repair of biological tissue in 
accordance with Claia 30y^erein said laser source 
comprises a ThuliuroVdoped Yttrium-Aluminua-Garnet laser. 



37. A systea for the repair of/biological tissue In 

accordance with Claim 3o/further comprising a fiber optic 
connector affixed to \the proximal ends of each of said 
fibers for holding said fibers. 



38. A aystea for the repair o£ biological tissue in 
accordance wlthlcialn 30 wlj^eln said catheter has an 
additional lumeA passlng/^herethrough, said additional 
lumen having an bpenlng at the proxlnal and distal ends 
for conununicatlnh with said surgical site. 

39. A system for the repair of biological tissue in 
accordance with Cllaim 30 w^reln said laser source is 
operated in a low-power continuous mode. 




40. A system for perforlhlW abrglcal oper/itions on biological 
tissue in accordance if ip Claim 30 /further comprising an 
aiming laser source generating visible light output and 
means for directing Aaid visible light output through 
said laser source andUald optical fiber to align said 
laser and said fiber ^d to visually illuminate said 
surgical site. 

41. A method for the surgical removal of biological material 
comprising the steps of:] 

A, operating a laser eAergy source to produce an output 
beam with a wavelengyh in the range of 1.4-2.2 
micrometers, 

B. directing the output |pf said laser source to the 
proximal end of an optical fiber, and 



C. directing laser energy propagating down said fiber 
to a surgical site. 

42. A method for the removal of biological tissue in 

accordance wlthlciaim 41 vh.ereln step A conprises the 
steps of operating said laser source in a pulsed-mode 
with a pulse wid^h substantially equal to 1 Billisecond. 



43. A method for the sur 
comprising the steps 
A. operating a las 



B. 



C. 



jgifcal repair of biological material 

Ofj 

energy source In a continuous wave 
mode with an dutput wavelength in the range of 
1.4-2.2 Bicrom]pters, 

directing the output of said laser source to the 
proxinal end of\said optical fiber, and 
directing laser \energy propagating down said fiber 
to a surgical site. 



^1 
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